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(54) Colour image quantization system 

(57) The present invention relates to a method for 
quantization of a color histogram bin value of an image 
or video, and more particularly, to a method for non-uni- 
form quantization of a color histogram bin value of an 
image (or video) according to the frequency of color oc- 



currence. The present invention has effects of effective- 
ly representing the characteristics of the color histogram 
of the image better as compared to the conventional art, 
and improving the performance of the image retrieval 
when the image(video) retrieval search is conducted. 
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BINARY NOTATION 
OF QUANTUM VALVE 


QUANTUM VALVE 


QUANTIZATION SECTION 


0000 


0 


0 


0001 


1/15=0.0667 


0.0001 ~ 0.0071 


0010 


2/15 


0.0072 - 0.0142 


0011 


3/15 


0.0144 - 0.0214 


0100 


4/15 


0.0215 - 0.0285 


0101 


5/15 


0.0286 - 0.0356 


0110 


6/15 


0.0357 - 0.0428 


0111 


7/15 


0.0429 - 0.0499 . 


1000 


8/15 


0.0500 - 0.0570 


1001 


9/15 


0.0571 - 0.0642 


1010 


10/15 


0.0643 - 0.0713 


1 1011 


11/15 


0.0714 - 0.0784 


1100 


12/15 


0.0785 ~ 0.0855 


1101 


13/15 


0.0856 - 0.0927 


1110 


14/15 


0.0928 - 0.0999 


mi 


1 


0.1000- 1.0000 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001) The present invention relates to a method for 
quantization of a histogram bin value of an image or vid- 
eo, and more particularly, to a method for non-uniform 
quantization of a color histogram bin value of an image 
(or video) according to the frequency of color occur- 
rence: 

2. Description of the Background Art 

[0002] Conventionally, it is possible to reduce the 
amount of information for expressing a color histogram 
of an image if the color histogram bin value is quantized. 
However, the color histogram bin value is merely quan- 
tized uniformly, irrespective of the frequency of color oc- 
currence in images. 

[0003] Figure 1 is a view illustrating an example of a 
table of uniform quantization of a color histogram bin val- 
ue according to the conventional art, In other words, the 
color histogram bin value is quantized by partition into 
uniform intervals. 

[0004] For example, when the color histogram bin val- 
ue ranges from 0 to 1 and the bin value is expressed by 
16 numbers of branch using 4-bits, it is quantized by par- 
tition into uniform sections of 0.0625 (1/16 = 0.0625). 
[0005] However, the color histogram bin value is gen- 
erally low in natural image(ln Figure 2, for example, 
there is almost no bin having a bin value of more than 
0.1), particularly, bins having a bin value of 0 occupy the 
most part of the whole color histogram bins(ln Figure 2, 
for example, more than 95% of the whole color histo- 
gram bins). 

[0006] Therefore, a color histogram bin value near to 
0 has to be quantized finely by a large number so that 
the intervals of the bin value are small. In addition, a 
color histogram bin value near to 1 can be quantized 
coarsely by a small number so that the intervals of the 
bin value are large . 

[0007] However, as described above, in the method 
for quantization of a color histogram bin value according 
to the conventional art, there arises a problem that the 
information of the color histogram is lost, since the color 
histogram is uniformly quantized irrespective of the fre- 
quency of the color histogram bin value. 
[0008] For example, if the color histogram bin value 
is quantized without considering its characteristics, such 
as the existence or non-existence of a certain particular 
color in a certain image and the frequent occurrence or 
infrequent occurrence of a color in the image, the unique 
information of the color histogram, which is an important 
information as one of the characteristics of the image, 
cannot be precisely preserved. 
[0009] In addition, since the unique information of the 



color histogram cannot be precisely preserved, it caus- 
es a problem that it is difficult for the information about 
quantization of color histogram bin value to obtain suf- 
ficient reliability in reflecting the characteristics of the im- 
age, where the information about quantization of color 
histogram bin value is usually used as a characteristic 
information of an image.ln addition, if the information 
poorly reflecting the color histogram characteristics of 
the image is used, the performance of image searching 
is degraded for the image retrieval. 
[0010] In addition, if the information poorly reflecting 
the color histogram characteristics of the image is used, 
there arises a problem that the image characteristics are 
not consistent with the visual/sensible characteristics of 
a human being. 

SUMMARY OF THE INVENTION 

[001 1] Accordingly, it is an object of the present inven- 
tion to provide a method for quantization of a color his- 
togram bin value of an tmage(or video) in which the color 
histogram bin value is non-uniformly quantized in con- 
sideration of the frequency of color occurrence. 
[0012] It is another object of the present invention to 
provide a method for quantization of a color histogram 
bin value of an image in which the characteristics of the 
color histogram reflects well the characteristics of the 
image by means of non-uniformly quantizing the color 
histogram bin value of the image(or video) in consider- 
ation of the frequency of color occurrence. 
[0013] It is another object of the present invention to 
provide a method for quantization of a color histogram 
bin value of an image in which the image (or video) re- 
trieval performance is improved by applying the quanti- 
zation of the color histogram bin value. 
[0014] It is another object of the present invention to 
provide a method for quantization of a color histogram 
bin value of an image which makes it possible to con- 
struct a database of the information of the characteris- 
tics of the image, that is consistent with the visual/sen- 
sible characteristics of a human being by applying the 
quantization of the color histogram bin. 
[0015] It is another object of the present invention to 
provide a method for quantization of a color histogram 
bin value of an image which can improve the perform- 
ance of the image retrieval with the same amount of in- 
formation in representing and storing the color histo- 
gram as that in the conventional quantization method. 
[0016] To achieve the above object, there is provided 
a method for quantization of a color histogram bin value 
of an image which is achieved by non-uniformly quan- 
tizing the color histogram bin value according to the fre- 
quency of color occurrence. 

[001 7] To achieve the above object, there is provided 
another method for quantization of a color histogram bin 
value of an image which is achieved by uniformly quan- 
tizing the color histogram bin values into a large number 
of sections if the bin value is greater than '0' and less 
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than a predetermined threshold, mapping the color his- 
togram bin values into a single quantum if the bin value 
is greater than the threshold and mapping the color his- 
togram bin value '0' into a single quantum. 
[001 8] To achieve the above object, there is provided 5 
another method for quantization of a color histogram bin 
value of an image which is achieved by non-uniformly 
quantizing the section where the color histogram bin val- 
ue of the image is greater than 'O* and less than a pre- 
determined threshold of the color histogram bin value of 
the image. 

[0019] Additional advantages, objects and features of 
the invention will become more apparent from the fol- 
lowing description 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention will become better un- 
derstood with reference to the accompanying drawings 
which are given only by way of illustration and thus are 
not limitative of the present invention, wherein: 

Figure 1 is a view illustrating an example of a table 
of uniform quantization of a color histogram bin val- 
ue according to the conventional art; 
Figure 2 is a view illustrating a percentage distribu- 
tion of bins with respect to a color histogram bin val- 
ue of an image according to an embodiment of the 
present invention; and 

Figure 3 is a view illustrating a table of non-uniform 
quantization of the color histogram bin value of the 
image according to the embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Figure 2 is a view illustrating a percentage dis- 
tribution of bins with respect to a color histogram bin val- 
ue of an image according to an embodiment of the 
present invention. In other words, it is a view illustrating 
an example in which the color histogram bin values of 
512 colors in HMMD (Hue/Max/Ml N/Difference) color 
space are calculated with 5466 images, and the fre- 
quency of color occurrence with respect to the calculat- 
ed bin values is expressed as a percentage. Here, the 
above bin value is a normalization value of the frequen- 
cy of color occurrence and each bin value is ranged from 
0to1. 

[0022] As illustrated therein, the distribution of the 
color histogram bin values shows the characteristics of 
the color distribution. In other words, the occurrence of 
the color histogram bin value of '0* is very frequent (e. 
g., the bins having a bin value of 0 account for 95% of 
all color histogram bins). And the occurrence of the color 
histogram bin value of '0.1 1 is very rare (there is almost 
no bins having a bin value of more than 0.1). In other 
words, when a natural visual image (or video) of a scen- 



ery, person, object, etc. is represented as a normalized 
color histogram, most of color histogram bins have a val- 
ue of '0*, and few of color histogram bins have a value 
greater than 0.1. 

[0023] Here, the fact that the color histogram bin value 
is '0' means that the color corresponding to that bin is 
not existed in an image. In particular, it can be known 
that there are a few bins having a value of more than a 
predetermined threshold (e.g. 0.1). 
[0024] Figure 3 is a view illustrating a table of non- 
uniform quantization of the color histogram bin value of 
the image according to the embodiment of the present 
invention, which will now be described in detail with ref- 
erence to Figure 2. As illustrated therein, in the case 
where the color histogram bin value is non-uniformly 
quantized according to the color histogram bin value, 
the characteristics of the color histogram can be ex- 
pressed more effectively as compared to the uniform 
quantization of a bin value according to the conventional 
art 

[0025] Particularly, if the color histogram bin value is 
'0*. it can be the important information that the colors 
according to the bins don't appear in the image and the 
majority of all bins in the color histogram have a bin val- 
ue of '0', therefore, the color histogram bin value of '0' 
is mapped into a single quantum in quantizing the color 
histogram bin value. In real implementation, for a prac- 
tical reason, '0 1 may be considered to the range between 
'0* and a number that is very close to '0' (e.g. 
0.000000001). 

[0026] Hence, since there are a few bins having a 
color histogram bin value of more than a predetermined 
threshold (0.1 in Figure 2), that is, only a few colors have 
a high frequency of occurrence in the image, , the all bin 
values of more than a predetermined threshold are 
mapped into a single quantum. 
[0027] In addition, if the color histogram bin value is 
'0', it is expressed as quantum value (binary number 
0000). The color histogram bin values greater than '0.1 ' 
(0.1-1.0) are expressed as quantum value 'V (binary 
number 1111). The color histogram bin value ranging 
from 0.0001 to 0.0999 (That is, the value of more than 
'0* and less than a threshold) is quantized as a plurality 
of appropriate sections, that is, divided finely. 
[0028] Meanwhile, when a non-uniform quantization 
of the color histogram bin value is conducted, an uniform 
quantization can be conducted in the sections in which 
the color histogram bin value is greater than '0* and less 
than the threshold (0.0999). 

[0029] However, to improve performance further, in 
the sections in which the color histogram bin value is 
greater than '0* and less than the threshold (0.0999), a 
non-uniform quantization can be conducted in consid- 
eration of the frequency of color occurrence. 
[0030] As described above, the present invention has 
an effect of preserving the characteristics of the color 
histogram of a image(or video) better as compared to 
the conventional art, by means of non-uniform quanti- 
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zation to a bin value in consideration of the frequency 
of color occurrence of the image, e.g., the distribution 
of color histogram bin values. 
[0031] In addition, when an image(or video) retrieval 
is conducted on the information of the color histogram 
representing effectively the characteristics of the color 
histogram of the image, the performance of image re- 
trieval can be improved. 

[0032] • in addition, the performance of image retrieval 
can also be improved by means of the same amount of 
information as in the method for uniform quantization of 
a bin value according to the conventional art. 
[0033] For example, the bin value range which a large 
number of bins belong to is divided into a plurality sec- 
tions and is quantized finely, and the other side, the bin 
value range which a small number of bins belong to is 
quantized as a single section (In the conventional art, 
the color histogram bin value is uniformly quantized ir- 
respective of the frequency of color histogram bin val- 
ue). That is, if the range which a large number of bins 
belong to is divided into a plurality of sections and is 
quantized, then the original color information of the inv 
age(video) can be preserved well, and therefore the per- 
formance of the image retrieval is improved when the 
image(video) retrieval is conducted. 
[0034] In addition, there is an effect of reducing the 
amount of information representing the characteristics 
of the color histogram of the image so as to acquire the 
same performance of the image retrieval as in the con- 
ventional method for uniform quantization of a bin value, 
[0035] For example, while 1 00 bytes are used to store 
the information of the uniform quantization of a color his- 
togram bin value in the conventional art, a space smaller 
than 100 bytes can be used to store the same informa- 
tion in the method for non-uniform quantization of a color 
histogram bin value of an image according to the 
present invention. The reason thereof is because the bin 
value is expressed as a single bin or a few bins in the 
method for non-uniform quantization of a high bin value 
(e.g. the value greater than 0.1), while the bin value is 
expressed as a plurality of quanta in the method for uni- 
form quantization of bins having a bin value of more than 
a threshold, thus making it possible to reduce the stor- 
age. 

[0036] Moreover, in the case that a database is con- 
structed by gathering information of the image charac- 
teristics, there is an effect of generating information 
more consistent with the visual/sensible characteristics 
of a human being by including the color histogram 
adapted by quantization of a bin value according to the 
present invention to the constructed database. 
[0037] The present invention is not limited to the nor- 
mal color histogram. Any histogram type descriptor can 
be applied in the present invention by analyzing histo- 
gram bin value distribution. As another embodiment of 
applying the present invention instead of the described 
normal color histogram, a non-uniform color structure 
histogram bin value quantization is described as follows. 



[0038] The color structure histogram is computed by 
visiting (a subset of) all locations in the image, retrieving 
colors Cm of all pixels contained in the structure ele- 
ments (e.g. 8 by 8 window) overlaid on each location, 
5 and incrementing the bin value corresponding to color 
Cm. After accumulating the bin values, they are non- 
uniform^ quantized in to an 8-bit value as follows. 
[0039] After normalizing bin values by dividing theo- 
retic maximum bin value, each bin value becomes the 
10 number between 0 and 1. Then, the bin value range is 
divided into 6 regions, and subsequently a different 
number of quantization levels is allocated uniformly to 
each region. The thresholds defining each region of the 
bin value range (between 0.0 and 0.1) arc- 
is th0=0.000000001 , th1 =0.037, th2=0.08, th3=0.1 95, and 
th4=0.32. The numbers of quantization levels allocated 
to each region are described in the following table: 



20 



Region 


Number of levels 


0 


1 


1 


25 


2 


20 


3 


35 


4 


35 


5 


140 



30 [0040] As the present invention may be embodied in 
several forms without departing from the spirit or essen- 
tial characteristics thereof, it should also be understood 
that the above-described embodiments are not limited 
by any of the details of the foregoing description, unless 

35 otherwise specified, but rather should be construed 
broadly within its spirit and scope as defined in the ap- 
pended claims, and therefore all changes and modifica- 
tions that fall within the meets and bounds of the claims, 
or equivalences of such meets and bounds are therefore 

40 intended to be embraced by the appended claims. 



Claims 

45 1. A method for quantization of a histogram bin value 
of an image, characterized in that: the range of the 
histogram bin value is non-uniformly quantized ac- 
cording to the frequency of occurrence. 

so 2. The method according to claim 1 , wherein the range 
varies according to predetermined thresholds of the 
r histogram bin value. 

3* The method according to claim 1 , wherein the value 
55 having a histogram bin value of '0' is mapped into a 
single quantum, equivalent to a code value. 

4. The method according to claim 1 , wherein the val- 
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ues having a Histogram bin value between '0.0' and 
a very close number of '0.0* is mapped into a single 
quantum, equivalent to a code value. 

5. The method according to claim 2, wherein the val- 5 
ues having a histogram bin value of more than the 
largest predetermined threshold are mapped into a 
single quantum, equivalent to a code value. 

6. The method according to claim 5, wherein, when to 
the range of the respective bin value of the histo- 
gram is normalized as the range of values from 0 to 

1 , the largest predetermined threshold is a value 
ranging from 0.1 to 1. 

f5 

7. The method according to daim 1 to 6, wherein the 
histogram is a color histogram. 

8. The method according to claim 7, wherein the his- 
togram is a color structure histogram. 20 

9. The method according to claim 2, wherein the range 
having a bin value of greater than '0' and less than 
the largest threshold is uniformly quantized into a 
plurality of sections. 25 

10. The method according to claim 2, wherein the range 
having a bin value of greater than '0' and less than 
the largest threshold is non-uniformly quantized. 

30 

11. The method according to claim 10, wherein sub- 
ranges divided by the remaining thresholds are uni- 
formly quantized into a plurality of sections. 

12. The method according to claim 10, wherein the 35 
range having a bin value of greater than '0* and less 
than the largest threshold is from 0.0001 to 0.0999. 
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FIG. 1 

CONVENTIONAL ART 



16 LEVEL(2 4 =4bits) QUANTIZATION OF UNIFORM QUANTIZATION . 



BINARY NOTATION 
OF QUANTUM VALVE 


QUANTUM VALVE 


QUANTIZATION SECTION 


0000 


0 


0.0000 - 0.0624 


0001 


1/15=0.0667 


0.0625 - 0.1249 


0010 


2/15 


0.1250 ~ 0.1874 


0011 


3/15 


0.1875 - 0.2499 


0100 


4/15 


0.2500 - 0.3124 


0101 


5/15 


0.3125 - 0.3749 


0110 


6/15 


0.3750 - 0.4374 ! 


0111 


7/15 


0.4375 - 0.4999 


1000 


8/15 


0.5000 - 0.5624 


1001 


9/15 


0.5625 - 0.6249 


1010 


10/15 


0.6250 - 0.6874 


1011 


11/15 


0.6875 - 0.7499 


1100 


12/15 


0.7500 - 0.8124 


1101 


13/15 


0.8125 - 0.8749 


1110 


14/15 


0.8750 - 0.9374 


1 1111 


1 


0.9375 - 1.0000 
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16 LEVEL(2 4 =4bits) QUANTIZATION OF UNIFORM QUANTIZATION 



BINARY NOTATION 
OF QUANTUM VALVE 
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1000 


8/15 


0.0500 - 0.0570 


1001 


9/15 


0.0571 - 0.0642 


1010 


10/15 


0.0643 - 0.0713 I 


1011 


11/15 


0.0714 - 0.0784 


1100 


12/15 


0.0785 - 0.0855 


1101 


13/15 


0.0856 - 0.0927 


1110 


14/15 


0.0928 - 0.0999 
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